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1. Microheater Platform 
 
 
Figure S1. (a) Schematics of the microheater platform consisting of gold microheater, gold 
pad, and polyimide substrate; (b) power density profile of the microheater platform during local 
Joule heating calculated by numerical analysis. 
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2. Additional SEM Images of ZnO Nanowires and TiO2 Nanotubes 
 
 
Figure S2. Cross-sectional SEM images of (a,b) ZnO nanowires and (c,d) TiO2 nanotube on a 
flexible substrate 
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3. Numerical Simulation of Local Hydrothermal Synthesis Method 
 
 
Figure S3. (a) Geometrical model and boundary conditions for the numerical simulation of 
local hydrothermal synthesis process; (b) temperature and flow distribution in the precursor 
solution and Si substrate during local hydrothermal synthesis process, and (c) temperature 
profile on the surface of the microheater platform on Si substrate with 5 μm thick SiO2 
insulation layer 
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4. Electrical Connection by Seed Layer 
 
 
Figure S4. Current-voltage (I-V) curves before and after seeding process 
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5. Shape of ZnO Nanowires Under Bending Condition 
 
 
Figure S5. Optical and SEM images of ZnO nanowire device under various radii of curvature 
(ρ=∞, 71.9, 46.0, 26.1, 16.6 and 6.8 mm). 
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6. ZnO Nanowire Bending Test Along the Transverse Direction to the Micro Heaters 
 
 
Figure S6. Current through ZnO nanowire device under transverse directional bending with 
various radii of curvature (ρ=∞, 71.9, 46.0, 26.1, 16.6 and 6.8 mm) 
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7. Deformation of Nanowires Under Bending Condition 
 
Figure S5a shows schematic illustrations of the horizontally and vertically bonded nanowire 
device. The ends of nanowires are bonded to the substrate and it can be assumed as bridge type 
structure. The most common external stress applied to thin film device on flexible substrate is 
bending. When the PI film bend, the nanowires are under pure bending condition because it is 
bridge type structure. As described in the following equations (S1-S3), the bending stress of 
nanowires is proportional to the angle of bending and inversely proportional to the length of 
nanowire under pure bending condition. 
𝑀𝑀 = 𝐸𝐸𝐸𝐸𝐸𝐸
𝐿𝐿
    (S1) 
𝜎𝜎 = 𝑀𝑀𝑀𝑀
𝐸𝐸
     (S2) 
𝜎𝜎 = 𝐸𝐸𝑀𝑀𝐸𝐸
𝐿𝐿
     (S3) 
where M is the moment, E is the elastic modulus, I is the second moment of the area, θ is the 
bending angle, L is the length of nanowire, σ is the bending stress and c is the distance from 
the neutral surface. Under the same bending angle, bending stress is decreased with increasing 
length of nanowires.1 This bridge type structure can provide longer beams, which is 
advantageous for bending (i.e. less stress under bending). When the same bending moment is 
applied to the nanowires, bending stress can be reduced in longer nanowires (Figure S7b). 
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Figure S7. (a) Schematic illustrations of the horizontally and vertically bonded nanowire 
device; (b) Deformation of the horizontally and vertically bonded nanowire device under pure 
bending moment. 
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8. Comparison Light Sensing Performance 
 
Table S1. Response, response time and recovery time of (a) ZnO and (b) TiO2 device 
introduced in this paper and other literatures 
(a) 
ZnO 
Struc
ture* 
Synthesis 
method** 
Response (I/I0) Response time (s) Recovery time (s) Re
f. 
This 
work 
NW HT 133 
(1.29 mW/cm2) 
19.4 
(1.29 mW/cm2) 
16.7 
(1.29 mW/cm2) 
- 
Liter
ature 
NF ES 2.3 
(2.4 mW/cm2) 
< 1 
(2.4 mW/cm2) 
< 1 
(2.4 mW/cm2) 
2 
NW CVD 120,000 
(4.5 mW/cm2) 
160 
(100 nW/cm2) 
200 
(100 nW/cm2) 
3 
NW HT 100,000 
(1 mW/cm2) 
0.09 
(1 mW/cm2) 
0.21 
(1 mW/cm2) 
4 
NW TO 1.5 
(2 mW/cm2) 
- - 5 
NW CVD 8 
(424 μW/cm2) 
< 0.5 
(424 μW/cm2) 
- 6 
(b) 
TiO2 
Struc
ture* 
Synthesis 
method** 
Response (I/I0)*** Response time 
(s)*** 
Recovery time 
(s)*** 
Re
f. 
This 
work 
NT LPD 10.82 
(16900 lx, AM) 
0.16 
(16900 lx, AM) 
0.35 
(16900 lx, AM) 
- 
Liter
ature 
NR HT 14.93 μA/cm2 
(100 mW/cm2, SS) 
< 0.1 
(100 mW/cm2, SS) 
- 7 
NR HT 51.09 μA/cm2 
(70 mW/cm2, SS) 
- - 8 
NW HT 170 
(192.3 μW/cm2, UV) 
- - 9 
NR HT 5 μA 0.15 0.05 10 
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(1.25 mW/cm2, UV) (1.25 mW/cm2, UV) (1.25 mW/cm2, UV) 
NF HT 0.1 
(0.7 mW/cm2, UV) 
- 0.1 
(0.7 mW/cm2, UV) 
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* NW: nanowire, NF: nanofiber, NT: nanotube, NR: nanorod 
** HT: hydrothermal, ES: electrospining, CVD: chemical vapor deposition, TO: thermal 
oxidation 
*** AM: ambient light, SS: simulated sunlight, UV: ultraviolet light 
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